Problems with the treatment efficiency of domestic wastewater for the Ural Federal district have remained relevant for several decades. More than 55% of the total amount of contaminated wastewater originates from municipal wastewater utilities. Sectoral legislation reform, the development of private capital and tariff regulation have contributed to the long-term improvement of municipal wastewater utilities in solving modernization and environmental problems, including the involvement of different groups of stakeholders in this process. The existing methods and tools for assessing the achievements of key performance indicators in the field of domestic wastewater treatment are not representative, do not reflect the dynamic results; information turnover occurs with no publicity; and there is no possibility to compare results with similar companies in other districts of the Russian Federation, to identify and replicate the best practices. This paper proposes a methodical approach for wastewater treatment quality assessment conducted by water companies. The transition from the currently used indicator, the proportion of sewage samples that do not meet the accepted standards for allowable discharge standards (ADS), doesn't allow making an adequate assessment of the water companies' efforts in wastewater treatment facilities' modernization, towards indicators that take into account the multiplicity and frequency of ADS excess by effluent components, is suggested. The proposed indicators can be used in sectoral benchmarking, for assessment of the effectiveness of the environmental activities within wastewater utilities. The comparison and analysis of the indicators' dynamics can help identify and replicate the best practices used in the field of wastewater treatment processing, under conditions of availability of information to the professional community. Finally, this action will create significant progress for water companies on the issue of reducing negative environmental impacts.
INTRODUCTION
The Water Strategy of the Russian Federation [1] presupposes the adoption and implementation of management decisions for the conservation of aquatic ecosystems and the creation of conditions for the effective interaction of participants in water relations.
The main components of the water management complex in the Russian Federation are water utilities or water supply and sewage organizations (WSS). They draw water from surface and/or underground sources of water supply, and they provide water treatment and transportation of water to the consumer, as well as wastewater and sewage treatment. Effective operation of WSS utilities reduces the negative impact on water bodies by improving the quality of wastewater treatment and conservation of natural ecosystems.
In the Russian Federation, the amount of discharged contaminated sewage produced by the housing and communal services enterprises, primarily water utilities, is > 60% of the total volume of discharged contaminated sewage. The reasons for this are the considerable wear and tear of the treatment facilities, the use of obsolete wastewater treatment technologies, and the discharge of contaminated sewage by industrial companies [1] .
Along with the problem of the negative impact on water bodies, most enterprises of the WSS industry have a wide range of problems to solve, the most significant of which are: a high degree of depreciation of pipes and infrastructure, and as the result, a large number of accidents; significant water losses and wastewater spill into the soil; and insufficient quality of the drinking water supplied to the citizens. One more problem for municipal enterprises is insufficient funding of the WSS utilities.
Modern trends in the field of economics and management within the sphere of water supply and sewage, as well as in other spheres of the communal sector, are: a market approach to pricing; the transition to a format of concession legislation; and the involvement of stakeholders interested in the results of company activities. The success of these processes is directly related to the open, reliable and complete provision of information on various aspects of the enterprises' activities. The global professional community helps to successfully realize it with the help of the institute of public non-financial reporting [2] .
An effective tool for optimizing the activities of enterprises is benchmarking, which involves comparison of a company's performance with the benchmark indicators of enterprises-industry leaders; and an analysis of the dynamics of the company's performance [3] , [4] ; besides, it is very important to have a valid approach to the formation of a system of benchmarking indicators.
This article gives an analysis of the current state of the problem of assessing the effectiveness of water utilities, the effectiveness of company management. The emphasis is on improving the methodological approach to assessing the company's efforts to reduce the impact on water bodies. The research object is the municipal unitary enterprise (MUE) 'Vodokanal' that provides the water supply and water disposal in the city of Ekaterinburg, in the Sverdlovsk region of the Russian Federation.
THE PROBLEM OF RESERVOIR POLLUTION BY SEWAGE IN THE
SVERDLOVSK REGION OF THE RUSSIAN FEDERATION The effectiveness of wastewater treatment for the Ural Federal District has remained an urgent problem for several decades. Sewage discharge into surface water bodies in 2016 amounted to 816.83 million m 3 , of which the discharge of contaminated sewage is 616.60 million m 3 , accounting for 75% of the total discharge [5] . At the same time, the discharge of contaminated sewage in the whole Russian Federation was 34.2% of the total discharge [6] .
The discharge of contaminated sewage is the main source of pollution of water bodies in the Sverdlovsk region [5] . The greatest amount of contaminated wastewater enters surface water bodies from enterprises working in the spheres of: communal services, 55%; processing industries, 30%; and mineral extraction, 9%.
The contribution to wastewater disposal in surface water bodies in 2016 of the main types of economic activity is presented in Fig. 1 .
MUE 'Vodokanal' in Ekaterinburg is one of the most significant sources of surface water pollution in the Sverdlovsk Region of the Russian Federation. According to the state's statistical reporting of the enterprise, although it has a very significant amount of discharge, almost all the discharged wastewater is not sufficiently purified (Fig. 2) .
Perhaps such a high percentage of insufficiently treated sewage slightly exaggerates the actual extent of the water company's impact on water bodies and is related to the specifics of the current approach of the Russian Federation's government to the regulation of discharge from enterprises operating within a municipal sewer range.
The fact is that for the last 25 years in Russia, the discharge of purified wastewater from water utilities is subject to high requirements, which are determined by the maximum permissible concentrations (MPC) of harmful substances at the level of standards established for water as object of fishery usage. Most of these standards are technically incorrect in relation to domestic wastewater. During the whole period of existence of such an approach, the sectoral and expert community asked for its revision and they succeeded. Starting in 2019, the order of wastewater discharge standardization will change dramatically: there will be a transition from the standardization of pollutant discharges based on water quality standards for water bodies of importance to fisheries, to the regulation based on the best available technologies (BAT) [7] . This approach has been successfully applied in EU countries [8] , [9] , based on the fact that it is possible to demand the achievement of only those values of environmental impact indicators that are steadily demonstrated on at least a few of the best facilities in the industry. All necessary information for the implementation of technological regulation is contained in the information and technical reference book ITRB 10-2015 'Wastewater Treatment using Municipal and Urban districts' Sewerage,' approved in 2015 [10] .
Apparently, the reform of the regulation of discharges will significantly affect the quantitative indicator of the volume of insufficiently treated sewage; and will change the existing approach to assessing the effectiveness of the water companies, in terms of impact on water bodies. The indicators of reliability, quality and energy efficiency include, among other things, quality indicators for wastewater treatment. The list of indicators that determine the quality of wastewater treatment includes:
CURRENT APPROACH TO THE EVALUATION OF THE EFFICIENCY OF WATER FACILITIES
1. The proportion of untreated wastewater in the total amount of wastewater (for domestic and drainage sewage); 2. The proportion of sewage samples that do not meet the accepted standards for the allowable discharge rate (ADR) and discharge limits.
The informative nature of the first indicator is beyond doubt. As for the second indicator, questions arise.
As already mentioned above, the allowable discharge standards (ADS) for water companies are currently established on the basis of water quality standards for water bodies of importance to fisheries, which are much more stringent than the norms for a potable water supply. The treatment facilities of most water companies cannot provide the required degree of purification for a number of substances. In particular, there are no special methods for domestic wastewater treatment from the so-called technogenic pollution: heavy metals, petroleum products, surfactants (synthetic surface-active substances), etc. [7] . As a result, despite all the efforts of water utilities (implementation of new technologies, modernization of facilities), the concentration of a number of substances in the samples always exceeds the concentration corresponding to ADS, i.е. the indicator 'the share of sewage samples that do not meet the established standards for permissible discharges (ADS) is always 100%'. This indicator does not allow adequate assessment of the efforts of water utilities to improve the quality of wastewater treatment and to compare the results of purification in dynamics, compare with the results of other water utilities and ultimately, stimulate the reduction of the negative impact of the enterprise on water bodies. To solve these problems, it is necessary to use other indicators of the quality of wastewater treatment.
EVALUATION OF THE QUALITY OF WASTEWATER TREATMENT OF A WATER UTILITY FACILITY: MUNICIPAL UNIT ENTERPRISE 'VODOKANAL'
Wastewater treatment at the water facility of Ekaterinburg takes place at the Northern Aeration Station (NAS), the Southern Aeration Station (SAS) and wastewater treatment facilities in the village of Severka (WTF Severka).
The NAS is among the most modern, technically equipped wastewater utilities in Russia; however, even the plants exceed in the concentrations of a number of substances on each sample, corresponding to the ADS. According to the enterprise's reporting for the years 2014 to 2016, the concentration of phosphates in the samples exceeded the ADS in 100% of the cases, while the mass of soluble zinc compounds is 97%. We face >50% the excess of ADS of BOD (20), ammonium nitrogen. Thus, in accordance with the current methodology of the Ministry of Construction of the Russian Federation, the treated sewage samples do not correspond to the established ADS in 100% of the cases.
The problem may be solved by replacing the quality indicator of sewage treatment with 'the share of sewage samples that do not correspond to the established ADS' by the indicator 'the share of unsatisfactory indicators in sewage samples' (Dun). To determine this indicator, it is necessary to fix the proportion of components that exceed the ADS for each sample, and then to determine the average percentage of unsatisfactory indicators in the samples for the reporting period. This indicator can be calculated in accordance with eqn (1): This indicator, being simple and intuitive, can be used to inform the public about the impact of the enterprise on water bodies. It should be noted that the indicator shows the dynamics of the quality of wastewater treatment but does not take into account the impact of pollutants on water bodies and the frequency of excess of ADS for particular substances. Fig. 3 shows the 3-year dynamics of the number of stably unsatisfactory indicators and substances, the average mass of which is several times higher than the ADS in the total number of samples.
Histograms show only those substances/masses that exceed ADS in > 40% of the cases taken into account. The proportion of substances, the mass of which virtually exceeds ADS in all samples (80-90% of the total number of samples), is shown separately.
From our point of view, the repeatability (frequency) of ADS excess and the repetition factor of ADS excess by individual substances can themselves be used as indicators of the quality of wastewater treatment. Presented on the histogram, they clearly reflect the most critical indicators of purification and determine the priority optimization measures; however, it is advisable to combine both parameters in the integral coefficient to provide more complete information in a condensed form, especially to provide information to professional and expert communities. For this purpose, it is possible to use the approach first applied in 1998 by Vasilyeva et al. [11] ; it would help to form a combinatorial index of water pollution.
To calculate this index, it is necessary to determine for each ingredient: the multiplicity of ADS excess, which is the ratio of the average actual concentration to ADS and the rating score of multiplicity ( ); and repeatability (frequency) of cases of ADS excess, which is the ratio of cases exceeding the total number of measurements and the estimated repeatability rating point ( ).
On the basis of certain points, it is possible to calculate the total estimated score of sewage contamination by the i-component, as a product of multiplicity and repeatability scores. The sum of can be used as a combined indicator of wastewater treatment quality ( ), which can be calculated according to eqn (2):
In accordance with Vasilyeva et al. [11] , the repeatability score Hi of the excess is calculated as the result of linear interpolation (Table 1) for different ranges of values for the frequency of ADS excess.
To estimate the multiplicity of excess, we propose using a coefficient of the intensity of negative exposure of harmful substances (pollutants) on the water body. This coefficient was enlisted in the method of calculating the damages caused to water facilities [12] and used in Russia from the year 2009. It depends on the multiplicity of times exceeding the actual concentration of harmful substances (pollutants) upon the release of resetting sewage, drainage water above its concentration, in waters of the water facilities. This coefficient can be used as the initial multiplicity evaluating score ( ).
For harmful substances of Class I and II hazard, the coefficient of intensity of the negative impact (multiplicity evaluating score) is taken as being equal to the calculated multiplicity excess.
The estimated scores for the excess of ADS for hazardous substances of Classes III and IV, corresponding to the negative impact intensity coefficients [12] , are given in Table 2 . Table 3 compares the combined quality indices of wastewater treatment computed by us for three groups of water treatment facilities in Ekaterinburg, for 2 years (unfortunately, we do not have available data on the average actual concentration of pollutants for 2016). At the treatment facilities in the village of Severka, the concentrations of only 11 components are evaluated in the samples (the concentrations of water-soluble metal compounds are not estimated). Therefore, Table 3 gives combinatorial indices for 11 sample components, for all treatment facilities, and 20 samples from Northern and Southern aeration stations.
The Table 3 results can be used to compare the effectiveness of wastewater treatment in three treatment plant complexes, monitoring the dynamics of the quality of cleaning at each aeration station. Of course, to complete the picture and analyze its dynamics, it would be good to be able to compare the indices in a few more years. From our point of view, the combined index could be used as one of the indicators for benchmarking, which makes it possible to compare the effectiveness of wastewater treatment at the water companies in the Russian Federation. A set of purification quality indicators, including a combined index and repeat histograms and multiplicity of ADS excess, could provide a fairly complete picture of the quality of wastewater treatment at the country's water management complex enterprises.
BENCHMARKING AS A TOOL FOR ASSESSING AND
IMPROVING THE EFFICIENCY OF WATER UTILITIES It is important that the results of the activity of the water facilities can be easily accessible by representatives of the professional community and the general public. The mechanism to inform proposed by the current Standards of Information Disclosure in the field of water supply and sanitation does not fully provide a solution to this problem. Data provided by organizations are collected by specialized agencies; disclosure of information on environmental problems and actions takes place only if there is an initiative taken by a water and sewer enterprise. In Russia, information on the activities of water utilities is not concentrated in a single, easily accessible information source. We believe that the use of public, non-financial reporting and benchmarking tools for the distribution and analysis of information can have a big effect on the development of water utilities, and on ensuring environmental safety [13] .
Benchmarking (or reference comparison, in other words) implies systematic activity aimed at finding, evaluating and using the best business practices. It allows identification both of the strengths of an enterprise, and any weakness which needs to be improved. It also helps to find innovative solutions for the company.
Under conditions of low competition in the communal sector, the systemic use of benchmarking can form a system of indicators that will stimulate utilities to continuously improve their efficiency in various activities, and to improve the quality of services provided to the population.
Benchmarking is successfully used on a long-term basis by the water facility located in Saint Petersburg, Russia [14] . This enterprise is a recognized industry leader, striving to make full use of the best world practices for optimizing all areas of its activities [15] . The enterprise uses both external and internal benchmarking. External benchmarking involves finding innovative solutions and best practices of domestic and foreign enterprises in the industry, internal benchmarking involves comparing the effectiveness of the enterprise's business units, by sharing best practices [14] .
Vodokanal of St. Petersburg has been participating in the International Benchmarking Program since 2014. This program is organized and held annually by the European Organization of Benchmarking (EBO) [16] . The Foundation provides a unified framework for data collection, with a methodology that is based on the recommendations of the International Water Association (IWA) [17] , made in accordance with the calculation of key indicators. This makes it possible to ensure that the indicators considered are comparable. Participation in the international benchmarking program is undoubtedly a positive experience that can be recommended to all the other water facilities in Russia.
The American Water Works Association (AWWA) [18] successfully implements a similar benchmarking program. The basis of the AWWA benchmarking system is also a specially developed indicator system. It consists of 22 separate indicators and control points collected into five groups, each of which is responsible for a certain direction of activity of participant water management enterprises.
The Indicator 'Efficiency of Sewage Treatment' is included in the group of indicators of the main processes of water supply and wastewater. It is an indicator of the compliance of the wastewater that is discharged after treatment, according to the required standards. We think that in Russia, the function of this indicator can be performed by a combined indicator of quality of wastewater treatment.
Despite the long-running harmonization processes, Russian standards for wastewater treatment quality differ significantly from European and American ones. Therefore, the current task is the development of a system of indicators, convertible over time into international systems. St. Petersburg's Vodokanal formulates a very promising proposal to create a Russian benchmarking program for water utilities, which can be headed by the Expert Council of the Russian Association of Water Supply and Sanitation (RAWSS).
CONCLUSION
The tasks to develop management solutions that maximally contribute to the modernization of treatment facilities, to provide the greatest effect for improving the state of water bodies is very important, especially under conditions of uncompensated negative impact of water sector enterprises on the water environment, which is currently strained as a result of the ecological situation. Systematic and professional use of industry benchmarking could become one of such solutions. Moreover, when an unlimited number of people disclose information on the results and dynamics of non-financial performance indicators, including the quality of wastewater treatment, there should be an additional incentive force aimed at improving the efficiency of water treatment facilities.
Successful usage of sectoral benchmarking and public non-financial reporting is in the development of a justified indicator system for directing the main company activities.
The methodical approach proposed within this paper assumes the usage of the following wastewater treatment quality indicators:
1. The share of unsatisfactory indicators in sewage samples (instead of the "proportion of sewage samples that do not meet the accepted standards for allowable discharge rate (ADR) and discharge limits" that is now used by water companies); 2. The share of sample components with high repeatability of exceeding allowable discharge standards (ADS) and with a high multiplicity of exceeding ADS; 3. The combined indicator of wastewater treatment quality, which takes into account the repeatability and multiplicity of exceeding ADS by the main pollutants, at the same time.
From the authors' point of view, the proposed indicators can be used for sectoral benchmarking of water companies' environmental protection activities within the Russian Federation, as well as for internal benchmarking within a water companies' departments. It is very important that water companies' wastewater treatment quality indicators, along with other key performance indicators, should be available to the general public, including the professional community and the company's stakeholders.
Regular benchmarking will allow water companies to evaluate their wastewater treatment efficiency in a dynamic way, and to identify and replicate the best practices of advanced enterprises. It is expected that the environment have negative impact reduction and improved habitat conditions as the most significant results.
